Isolated cotyledons of fenugreek (Trigonella foenum graecum L.), which respond rapidly and specifically to the application of cytokinins with stimulated expansion, have been used to study the primary action of kinetin. Gross chemical analysis showed that ribonucleic acid increased within 24 hours in response to kinetin application. 8-Azaguanine inhibited both kinetin-induced expansion and RNA synthesis; 5-fluorodeoxyuridine inhibited only the RNA synthesis.
In vitro incorporation of 14C-L-leucine and '4C-L-phenylalanine into protein by various recombinations of microsomal and 160,000g supernatant fractions varied according to the pretreatment which the cotyledons had received before the preparation of the fractions. Stimulatory effects were mainly associated with the microsomal fractions.
The formation of leucine-, valine-, and tyrosine-tRNA complexes by high speed supernatant fractions from differently pretreated cotyledons was also compared. The sharp stimulation of the process by adding tRNA was found to be independent of the kind of preincubation that the cotyledons used for the tRNA extraction had received.
It is concluded that the evidence is not in favor of kinetin correcting specific tRNA deficiencies. Kinetin removes a limitation that prevents the synthesis of RNA and genome expression.
Our finding (19) that the expansion of isolated cotyledons of fenugreek is rapidly stimulated by the application of cytokinins, but not at all by 2,4-dichlorophenoxyacetic and gibberellic acid, has presented us with an opportunity to investigate further the action of kinetin. The effect of kinetin on nucleic acid and protein synthesis in the cotyledons has now been studied, and the hypothesis that this substance may act by correcting a deficiency in specific tRNAs has been tested. This widely discussed hypothesis stems from observations, enumerated by Skoog and Leonard (20) and by Hall (9) , which demonstrated the existence of a cytokinin base as part of specific tRNAs, among others, the tRNAtYr and tRNAser of yeast. Fox (8) has shown that I Present address: Genetics Section, Indian Agricultural Research Institute, New Delhi, India. radioactivity from benzyladenine, applied to a tissue, could be recovered from its RNA mostly in the tRNA fraction. Also, some of the radioactivity of the acid hydrolysate of this fraction traveled on the chromatogram as benzyladenine. However, the crucial evidence that applied cytokinins in a responsive tissue do, in fact, promptly correct some specific tRNA deficiency, i.e., that of serine or tyrosine, is still lacking.
Our data, relevant to the tRNA hypothesis, are presented in the later section of "Results" reporting the outcome of recombinations of parts of the protein-synthesizing machinery from control and kinetin-treated cotyledons. They are difficult to reconcile with the tRNA hypothesis, at least in its most naive form. Whatever the primary action of kinetin, the evidence presented suggests that in cotyledons, as a consequence of that action, a less specific activation of nucleic acid synthesis occurs.
MATERIALS AND METHODS
Preparation of Cotyledons. The cotyledons of fenugreek (Trigonella foenum graecum L.) can be separated from the embryonic axis by a cut through the dry seed, as the space between these parts is indicated by a groove in the seed exterior. Further manipulations-sterilization and washing of cut seeds, their transfer onto wet filter paper in Petri dishes, removal of seed coats 20 hr later, weighing and layering of cotyledons-were done in green safelight. Usually cotyledons were arranged in a 7-cm Petri dish containing one filter paper disc to which was added 3 ml of test solution containing 1 mg each of mycostatin (nystatin), penicillin, and streptomycin per 50 ml. For light treatments, the dishes were exposed to continuous incandescent light (30 ft-c. near dishes) at 25 C. The dark treatments were enclosed in light tight boxes at the same temperature. Kinetin concentration throughout was 5 X 10-5 M.
Chemical Analysis. Extraction of soluble materials and chemical analyses were carried out as detailed by Williams and Rijven (25) with small variations as required. The ultraviolet spectra of four consecutive extractions for 20 min at 70 C with 2 ml 0.5 N perchloric acid on a single cotyledon and extracted for solubles are shown in Figure 1 . For the data of Table I , only the first two extractions were taken and expressed as total A 260 units per mg; the estimates rest on eight replicates. For nucleic acid analysis (Table II) , in order to estimate DNA, three lots of 10 cotyledons per treatment were extracted three times with 2 ml 0.5 N perchloric acid.
Nitrate Reductase. Extracts were prepared by grinding lots of 10 cotyledons (two replicates per treatment) in a mortar with 0.1 M, pH 7.5, phosphate containing 5 mm cysteine to a final concentration of 2.5 cotyledons per ml, followed by centrifugation for 10 min at 5000g; 0.1 or 0.2 ml of the resulant supernatant was used in the assay which included alcohol dehydrogenase as a DPNH-generating system (21) ; final volume was 0.5 ml. After 30 min at 30 C, the reaction was stopped by adding 0.5 ml of sulfanilamide and of N-(1-naphthyl)-ethylenediamine dihydrochloride reagents. After color development for 15 1.25 ,uc 14C-L-valine (195 mc/mmole). After incubation for 30 min at 30 C the reaction was stopped with cold trichloroacetic acid containing excess cold amino acid, centrifuged, and prepared as above for counting except that cooled trichloroacetic acid was used throughout. Where RNA was added, it replaced the buffer addition. RNA was prepared by phenol extraction from supernatant fractions, with buffer-equilibrated phenol, followed by five cycles of precipitating with cold ethanol and redissolving with 0.1 M Na acetate, and finally by drying with ethanol and ether.
RESULTS
Gross Chemical Analysis of Cotyledons. Detailed information on several attributes of cotyledons at the beginning and end of an experiment in which cotyledons were incubated for 23 hr in darkness or in light, with and without kinetin (but in all treatments with 20 mm KNO3), is presented in Table I . Table I shows the stimulation in percentage of increase in fresh weight due to light or kinetin on which we report more extensively elsewhere (19) . Whereas at 23 hr the mean fresh weights of the cotyledons were statistically different for the different treatments, their mean extracted dry weights were not. Throughout, the dry matter of the soluble component was very low, not more than about 4% of the total dry weight. The percentage of nitrogen of the dry matter was constant indicating a protein content of about 70% of the extracted dry weight. The amino-nitrogen per cotyledon in the soluble fraction (determined by the ninhydrin method) was very similar for the different treatments, but an increase appeared to occur after 23 hr. The amino acid concentration in the cotyledons was very high, averaging about 100 mM; it represents a considerable part (perhaps 70%) of the solid material in the soluble fraction. The absorbancies at 260 nm of 0.5 N perchloric acid extracts made on cotyledons previously extracted for soluble material were given statistical treatment and from this was established a stimulation by kinetin significant at P < 1% in darkness and at P < 0.1% in light. The data suggest an increase in the order of 20% in nucleic acid content due to kinetin within 24 hr. An analysis of RNA and DNA content was performed on cotyledons of other experiments (Table II) . The DNA contents proved very low, not more than 8.5% of total nucleic acid content. The increase in nucleic acid content due to kinetin treatment was at least 93 % RNA. The total phosphorus content, estimated at 40 MAg on comparable cotyledons, appeared to allow for further increases in RNA.
Inbition of Kinetin-induced Expansion and RNA Synthesis. After incubation of cotyledons for 30 hr with kinetin and several concentrations of 8-azaguanine, expansion and nucleic acid synthesis were inhibited to the same degree (Fig. 3A) . This suggests that for kinetin-induced expansion to occur RNA synthesis is required. On the other hand, after incubation with 5-fluorodeoxyuridine or with 5-fluorouracil, inhibition of nucleic acid synthesis was observed to occur without concomitant inhibition of expansion (Fig. 3B ). This does not contradict the above conclusion. With hypocotyl segments of soybean, stimulated to expand with 2,4-D, 5-fluorouracil and 5-fluorodeoxyuridine have been shown to inhibit preferentially the synthesis of rRNA and tRNA (1). tell. In the growth study on this system (19) , it was found that carbohydrate can become limiting after 24 hr.
In Vitro Incorporation Studies.
1. Protein Synthesis. The in vitro incorporation of "4C-Lleucine into protein was studied in assays containing 14C-Lleucine, a reconstituted mixture of cotyledonary microsomal and supernatant fractions, and an ATP-generating system with GTP. Incorporation was prevented completely by omission of either the microsomal or the supernatant fraction or the ATPgenerating system (Table V) (Table VII) . Doubling the amount of supernatant nearly doubled the incorporation rate, but substituting the standard amount of "control supernatant" by one prepared from kinetin-treated cotyledons did not make any difference. Apart from the dilution to give equal absorbancy at 280 nm-by nearly 20% on this occasion-no difference in the supernatant due to kinetin treatment was found. But consistent with the above experiments, a stimulation by the microsomal fraction was observed. Since the microsomal fractions are corrected for absorbancy at 260 nm, the kinetin effect is on a ribosome basis. It could be due to a relative increase in mRNA. In Table VII it is also shown that in the presence of poly-U addition of E. coli tRNA did not stimulate incorporation rate greatly. Therefore, possible effects by kinetin on the tRNA fraction may have Table V . In Vitro Inicorporationl Experimenlt, Test of System Incorporation of radioactivity into the hot trichloroacetic acidinsoluble fraction of a reconstituted mixture of microsome and supernatant fractions provided with an ATP-generating system containing GTP, after incubation for 30 min with '4C-leucine at 30 C (see "Materials and Methods"), or in the case of various omissions, and at zero time. hr in dark with and without kinetin. The standard mixture contained 3.5 A 260 units microsome fraction and 0.7 mg egg albumin equivalent of supernatant, both from control cotyledons. The buffer addition was increased to 300 Ml to allow for addition of poly-U (20 ,ug/assay), tRNA (E. coli from Schwarz BioResearch) (70,Ag/assay), which were prepared in buffer and for doubling the supernatant. Fifty nanomoles of each of 19 '2C-amino acids except '2C-phenylalanine were added in each assay, and 0.63 ,uc 14C-phenylalanine (475 mc/mmole). Values are means of duplicate and triplicate assays. (1) . Nevertheless, the tRNAleu may be suspected of harboring a cytokinin also in yeast, as here again the rule could apply that the presence of cytokinins is restricted to tRNA species for which the corresponding codon starts with U, and this includes tRNAleu but excludes tRNAval (2) . An experiment using leucine and tyrosine is detailed in Table Viii. and another, using valine and tyrosine in Table IX. A relative stimulation of tyrosine incorporation in a kinetin (19) . It is likely that in the fenugreek seedling, as in other plants (6, 11, 23) , cytokinins are produced by roots. During normal germination, which starts with root growth, the cytokinins may herald the event to other parts. As later on the cotyledons function as leaves, the additional control of cotyledon expansion by light would also make sense. Light seems to exert this control through a photomorphogenic rather than a photosynthetic mechanism because neither chloramphenicol nor dichlorophenyl dimethylurea abolished the response.
4C-Phenylalanine
With respect to the hormonal control, the pattern of response by the cotyledons following treatment with either kinetin or 2,4-D, increased versus decreased expansion, is the opposite of that of hypocotyl segments (19, 24) . In these two adjacent tissues these compounds play mutually reversed roles. Such hormonal relationships could be accommodated by tissue-specific allosteric proteins as targets. In animal tissues somewhat similar hormonal relationships have been shown with adenylcyclase as the target protein (7) . However, results with inhibitors ( Fig. 3) have suggested that in cotyledons, as in hypocotyl segments of soybean (12) , the synthesis of RNA, in particular that of mRNA, is required for hormone-induced expansion to occur. Therefore, in cotyledons kinetin could be operating on the transcription level of control. The stimulating effect of kinetin on the induction of nitrate reductase (Table III) is consistent with this hypothesis, as the synthesis of a protein new in the ontogeny would involve genome expression. Also, in the experiments on protein synthesis in vitro the only consistent effect of kinetin was the stimulation of the microsomal fraction, possibly by an increase in relative mRNA content (Table VI) .
However, the presence of cytokinins in several tRNA species has suggested a precise site of primary action at the translation level. The experiments described here did not suggest that kinetin corrects a gross deficiency in tRNA. There was no evidence of an increase in tRNAtYr relative to tRNAval after kinetin treatment (Table IX) , and prior kinetin treatment of the intact cotyledon did not change the behavior of tRNA in amino acid incorporation in vitro experiments. However, the relative tRNA content was estimated by amino acid acceptance. This function is not sensitive to changes in methylation or in isopentenyl content (22) . It is possible that the primary critical change concerns only a small cell compartment. It is to be recognized that any improvement there was in the supernatant may not have been due to tRNA.
Criticism of the tRNA hypothesis has also been forthcoming from application of cytokinin analogues that cannot be incorporated into nucleic acid (10, 14) . The diphenyl ureas (4) would also present great difficulty in this respect. Nevertheless, the evidence in favor of some connection with tRNA is too remarkable to be dropped easily. Skoog and Leonard (20) have, in fact, hinted at other possible relationships which do not require integration of cytokinins into tRNA.
